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SUMMARY 


An investigation has been conducted of a monoplanar maneuverable missile 
concept having a nose forebody with a circular cross section and a centerbody 
and afterbody with elliptical cross sections. The tests involved several com- 
ponent changes and were conducted in the low Mach number test section of the 
Langley Unitary Plan wind tunnel at Mach numbers of 1.60, 2.16, and 2.86, at 
angles of attack ranging from -4° to 28°, and at sideslip angles ranging from 
-4° to 8°. 


The most significant result was that at the highest Mach number (2.86) , 
the configuration with the infrared nose produced nearly twice the axial force 
as the same configuration with the radar nose. The cranked wing had a destabi- 
lizing effect on the longitudinal stability and had no effect on the lateral- 
directional stability. The nose strakes had no effect longitudinally and were 
detrimental to the lateral-directional stability. 


INTRODUCTION 

A continuing research program has been under way at the National Aeronau- 
tics and Space Administration for several years to provide a broader technolog- 
ical base for monoplanar maneuverable missile concepts. (See refs. 1 to 3.) 

The monoplanar concept is aerodynamically interesting because it provides a 
natural shape for conformal carriage. In addition, the concept provides gen- 
erally higher range efficiency and, if maneuvered with pitch-roll control logic, 
offers good terminal maneuver capability (ref. 1). 

As part of this technological effort, a limited number of configuration 
variables have been tested for a maneuverable air-to-air missile configuration 
concept (MAAM) currently under study (ref. 2) . Tests were conducted at Mach 
numbers of 1.60, 2.16, and 2.86, with angles of attack ranging from -4° to 28°, 
and sideslip angles ranging from -4° to 8°. The limited testing considered 
minor configuration variables which included cranked wing, nose strakes, and 
nose shape. 


SYMBOLS 

The coefficients of force and moment are referred to the body-axis system 
with aerodynamic moments about a point 40.335 cm aft of the radar nose config- 
uration. This point of reference was used in order to correspond to the data 
of reference 2. The physical quantities are given in the International System 
of Units (SI). (See ref. 4.) 
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d model reference diameter, 0.0582 m 

M free-stream Mach number 

q free-stream dynamic pressure. Pa 

S model reference area, 0.00265 m 2 
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a 

model angle of attack, deg 


B 

model angle of sideslip, deg 


5 P 

pitch control deflection angle (positive deflection gives 
positive pitching moment) , deg 

6 r 

yaw control deflection angle (positive deflection 
positive yawing moment) , deg 

gives 

<5a 

roll control deflection angle (positive deflection 
positive rolling moment) , deg 

gives 

Component 

designations: 


B 

body 


Ti 

tail 


W C 

wing with cranked leading edge 


W 

wing with 45° swept leading edge 


N S 

nose strakes 


I N 

infrared nose 


R n 

radar dome nose 



MODEL 

Details and dimensions of the elliptical model components are shown in 
figure 1 . The model that was tested represented a maneuverable monoplanar mis- 
sile having an elliptic cross section throughout the afterbody and centerbody, 
a circular cross-section nose, and four tail control fins. The configurations 
tested involved five different combinations of the following components: 
cranked wing, nose strakes, radar nose, infrared nose, and a set of tail fins. 
The four tail fins were used to provide pitch, yaw, and roll control. 


WIND TUNNEL 

The investigation was conducted in the low Mach number test section of the 
Langley Unitary Plan wind tunnel, which is a variable-pressure, continuous-flow 
facility. The test section is approximately 2.13 m long and 1.22 m square. 

The nozzle leading to the test section has an asymmetric sliding block which 
permits a continuous variation in Mach number from about 1.5 to 2.9. 
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TEST CONDITIONS 


Tests were performed at the following tunnel conditions: 


Mach 

number 

Stagnation 
temperature, K 

Stagnation 
pressure, kPa 

Reynolds number 
per meter 

1 .60 

31 1 

54.6 

6.6 x 10 6 

2.16 

31 1 

68.5 

6.6 

2.86 

31 1 

98.4 

6.6 


The dew point was maintained low enough to insure negligible condensation 
effects. All tests were performed with boundary-layer transition strips on 
the body 3.05 cm aft of the nose and 1.02 cm aft of the leading edges measured 
streamwise on both sides of the wing and tail surfaces. The transition strips 
were approximately 0.16 cm wide and were composed of No. 50 sand grains sprin- 
kled in acrylic plastic. 


MEASUREMENTS 

Aerodynamic forces and moments on the model were measured by means of a 
six-component electrical strain-gage balance which was housed within the model. 
The balance was attached to a sting which, in turn, was rigidly fastened to the 
tunnel support system. Balance-chamber pressure and base pressure were mea- 
sured by means of static-pressure orifices located in the vicinity of the bal- 
ance. Axial force was corrected for conditions of free-stream static pressure 
acting over the entire base of the model. 


PRESENTATION OF RESULTS 


Figure 


Longitudinal aerodynamic characteristics for body-tail] , cranked wing, 

nose strakes, and radar nose configuration with pitch control 2 

Longitudinal aerodynamic characteristics for body-tail], cranked wing, 

nose strakes, and radar nose configuration with roll control 3 

Longitudinal aerodynamic characteristics for body-tail] , cranked wing, 

nose strakes, and radar nose configuration with yaw control 4 

Effect of wing planform shape on longitudinal aerodynamic characteris- 
tics for body-tail] , nose strakes, and radar nose configuration .... 5 

Effect of nose strakes on longitudinal aerodynamic characteristics for 

body-tail] , cranked wing, and radar nose configuration 6 
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Figure 


Effect of nose shape on longitudinal aerodynamic characteristics for 


body-tail] , cranked wing, and nose strakes configuration 7 

Effect of nose strakes on lateral-directional characteristics for 

straight wing configuration 8 

Effect of nose strakes on lateral-directional characteristics for 

cranked wing configuration 9 

Directional stability characteristics for body-tail], cranked wing, 
nose strakes, and radar nose configuration in sideslip at angle 
of attack 10 

Roll control characteristics for body-tail] , cranked wing, nose 

strakes, and radar nose configuration 11 

Yaw control characteristics for body-tail] , cranked wing, nose 

strakes, and radar nose configuration 12 

Variation of base drag at angle of attack for body-tail] , cranked 

wing, nose strakes, and radar nose configuration 13 


RESULTS AND DISCUSSION 

The comparison of the longitudinal aerodynamic characteristics for the 
configuration concepts tested is shown in figures 2 to 7. In general, all 
configurations exhibited a slight pitch-down tendency with increased angle of 
attack. The addition of the strake to the basic wing resulted in a slight 
decrease in stability at 0° angle of attack and a slight increase in linearity 
of the pitch curves. As expected, the bluntness of the infrared nose produced 
nearly twice the axial force produced by the radar nose. 

The basic lateral-directional stability data are presented in figures 8 
and 9 for the nose strakes (N s ) and cranked wing (Wq) . These derivatives were 
taken from sideslip angles ranging from 0° to 3°. The fundamental linearity of 
the lateral-directional stability derivatives is demonstrated in figure 10. 

All the configuration concepts show a high loss of directional stability with 
increased angle of attack, especially at the lower Mach numbers. The addition 
of the strakes to the basic wing configuration had no effect on the lateral- 
directional stability. However, addition of the nose strakes proved to be 
detrimental to lateral-directional stability characteristics. 

The lateral-directional control data in figures 11 and 12 indicate that 
sufficient control is available to overcome the directional instability for 
the configurations investigated in this study. 
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CONCLUDING REMARKS 


Wind-tunnel tests were conducted in the low Mach number test section of 
the Langley Unitary Plan wind tunnel in order to extend the data base for a 
specific monoplanar missile concept and to investigate the aerodynamic effects 
of minor configuration variables. 

The most significant result was that at the highest Mach number (2.86) , 
the configuration with the infrared nose produced nearly twice the axial force 
produced by the radar nose. The cranked wing had a destabilizing effect on the 
longitudinal stability and had no effect on the lateral-directional stability. 
The nose strakes had no effect longitudinally and were detrimental to the 
lateral-directional stability. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
January 19, 1979 
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(e) Noses used on model configurations. 


Figure 1.- Continued. 
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(f) Nose strake, Ng. 
Figure 1 Concluded. 
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Figure 2.- Longitudinal aerodynamic characteristics for body-tail^ , cranked 
wing, nose strakes, and radar nose configuration with pitch control. 
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(c) M = 2.86. 

Figure 2.- Concluded. 
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(c) M = 2.86. 
Figure 5.- Concluded. 
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a, deg 


C A 


(c) M = 2.86. 


Figure 6.- Concluded. 
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body-taili , cranked wing, and nose strakes configuration. 
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a, deg 

(a) M = 1 .60. 

Figure 8.- Effect of nose strakes on lateral-directional characteristics 

for straight wing configuration. 



(b) M = 2.16. 


Figure 8.- Continued 





(c) M 


= 2 . 86 . 


Figure 8.- Concluded 
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P. deg 

(a) M = 1 .60. 


Figure 10.- Directional stability characteristics for body-tail-) , cranked wing 
nose strakes, and radar nose configuration in sideslip at angle of attack. 





(b) M = 2.16. 
Figure 10.- Continued. 
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(c) M = 2.86. 


Figure 11.- Concluded 






a, deg 

(a) M = 1 .60. 

Figure 12.- Yaw control characteristics for body-tail] , cranked wing, 
nose strakes, and radar nose configuration. 
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